Abstract: In recent years, many things have progressed and became clear in the study of genes involved in tooth development. However, the genes associated in the formation of periodontal tissues particular those studies involved in the formation of furcation are few. We have carried out a research to examine the gene expression of cementoblasts in the furcation area in porcine tooth germ. Porcine tooth germs were used as samples excised during the formation of mandibular molars and the cementoblasts around the root and at the furcation were prepared. Total RNA was isolated from the samples followed by PCR amplifying specific genes using PCR templates. Further, significant difference with respect to gene expression was determined by semi-quantitative PCR from the electrophoresis image. Also, after the removal of tooth germs, tissues were processed in routine tissue preparation, embedded in paraffin, sectioned into 5 um thickness, stained with H and E and examined under the light microscope.
Introduction
It has been reported that the differentiation of cells and tissue in vertebrates is caused by the sequential interaction between epithelial and mesenchymal cells [1] [2] [3] . Also, the epithelialmesenchymal interaction of cells has been involved in tooth and periodontal tissue development wherein some reports mentioned series of mechanism of transcriptional regulation and signals required during crown formation 1) . Recently, studies concerned with the occurrence and involvement of genes in tooth and periodontal tissue development have become clear. For instance, a variety of researches by embryological approach using in situ hybridization has been made on the gene expression in each stage of tooth germ. Specifically, bone morphogenetic proteins (BMPs) of the TGF-b super family were reported to have an important role in the regulation of morphogenesis and function of teeth and the root of the teeth 4) . Moreover according to Aberg, were involved in crown morphogenesis 5) , specifically BMP 2, 4, 7 were expressed in cap and bell stages. Moreover, epithelial and mesenchymal interaction of Shh and Fgf4 in enamel nodule formation as well as in dentin, pulp and periodontal tissues has been elucidated [5] [6] [7] [8] . Further, during mouse tooth and root development, BMPs were not the only genes observed in reduced enamel epithelium and epithelial rest of Malassez but also there were reports on the incidence of Msx homeobox gene expression 9) . However, compared to the researches done on the crown of the tooth such as in the enamel and dentin, studies in the formation of periodontal tissues are very few. The organic component of the furcation and periodontal tissues is in general similar to connective tissues which are composed of collagenous and non-collagenous proteins like proteoglycans 10) A osteopontin 11, 12) , osteocalcin 13) , dentin matrix protein- 1 14-15) . Those proteins are also included in the formation of pulp and dentin.
Gene expressions of the substrates of non-collagenous proteins have been compared with the preceding analysis of homeobox genes and considerable progress has been made. Further, methods like RT-PCR using genes prepared from periodontal ligament tissues and collected from extracted teeth as well as the direct search of gene expression in periodontal tissues has recently became possible. Although in situ hybridization is actively done until now, the method has been intended for small animal studies like in mouse and rats and the difference in primary and permanent dentition has not been elucidated. In addition, it is difficult to accurately determine metabolic activity in experiment using cell culture as well as localization and gene expression. Hence, we focused on using porcine's mandible as experimental samples.
Porcine is closely similar to human in terms of embryology of bone, teeth and periodontal tissues and was considered useful in biochemical analysis of the organic component of the mandible 16) . Expression of enamel genes and proteins like amelogenin and enamelin, ameloblastin (sheathlin/sheath protein) and those that degrade enamel proteins like MMP-20 (enamelysin) and Klk-4 (EMSP-1) 17) have been reported to be involved in the formation of tooth and periodontal tissues but its participation in the formation of furcation in particular is few. Therefore, in order to clearly show the genes that play important roles in the formation of periodontal tissues, gene expression of cementoblasts in the furcation and around the root of developing porcine tooth germ was carried out.
Materials and methods
The study was approved by the Tsurumi University, School of Dentistry, Ethics Committee following the regulations implemented by the Animal Care and Use Committee.
Tissue samples
Six-month old pigs were sacrificed and the mandibles were then immediate placed on ice. The cementoblasts from the first molar tooth germ at the furcation and around the root wereprepared as samples (Fig 1A-C) . The dental sac was peeled off, the tooth germ was removed and the cells on the cementum around the root surface and the furcation were scraped off using a scalpel.
Fibroblasts at the cementoblastic layer around the root were used as samples (Fig 1D) . The surrounding surface was then wiped with Kimwipe to completely remove the cementoblasts. Then after, new cementoblastic layer at the furcation were isolated and the fibroblasts were used as samples (Fig. 1E) .
Detection of gene expression by RT-PCR
Total RNA was carried out using Strataprep Total RNA Miniprep kit (STRATAGENE, La Jolla, CA, USA) and PCR template was prepared using ready to go T-Primed First Strand Beads Kit (Amersham-Pharmacia Biotech, Piscataway, NJ, USA). Then, using the designed primer sequences in mice (Table. 1), specific genes were amplified by PCR (Perkin-Elmer / GeneAmp PCR system 9600) and products were confirmed on 4.5% polyacrylamide gel electrophoresis stained with ethidium bromide.
Semi-quantitative PCR analysis of gene expression
Semi-quantitative PCR was performed using DNA Master SYBR Green I kit and Ligh tCycler (Roche Molecular Biochemicals, Mannheim, Germany). Standardization of the gene expression level was analyzed based on the internal standard of GAPDH as control.
Histological examination of the periodontal tissues at the root and furcation areas
The tooth germs were fixed and embedded in paraffin following the routine tissue preparation. Then after, sections of 5 m thickness were prepared, stained with HE and observed under the light microscope.
Results
We compared the gene expression of enamel proteins like amelogenin, enamelin, ameloblastin, Mmp-20 and Klk-4 of the cementoblasts around the root and furcation area by PCR. A uniform expression was observed at the furcation area but only amelogenin and ameloblastin were observed at the root area (Fig.  2) . Moreover, Msx2 was observed both at the furcation and around the root area but the expression at the furcation is stronger (Fig.  2) . Hence, the PCR result of Msx was assessed semi-quantitatively by LightCycler and it was confirmed that Msx2 gene expression at the furcation is 64 times compared to the expression around the root surface (Fig. 3) .
On the other hand, we examined histologically the specimens collected and the presence of cementoblasts around the root surface and at the furcation was confirmed (Fig. 4A and B) .
Discussion
It is believed that the periodontal tissue is not only composed of gingiva but also by cementum, alveolar bone and periodontal ligament and these tissues are considered to have differentiated from the mesenchymal cells during embryology 18) . The formation responsible for transcriptional regulation [19] [20] [21] . During the early development of organisms, the homeotic genes are said to control the formation of head and extremities. The homeobox gene is located in a region regardless of the species, first identified in Drosophila but is now highly conserved in vertebrates such as frogs and mice. Gene product of the homeobox gene transcriptional regulation is done while reaching out to other nucleotide sequence of the gene and works to determine the position in a region-specific manner of other genes such as Hox, Pax, Barx, Dlx, Msx, etc [19] [20] [21] . Recently, Shh signaling is specifically expressed in Hertwig's epithelial root sheath in mice and plays an important role in the formation of molar tooth 22) . Shh depends on Smad4 signaling to induce Nfic which controls TFG-and BMP signaling in root development 23) in which the function and relevance of these genes have been recognized. Studies on Msx1 and Msx2 at this time are involved in bone formation and growth of skeletal and alveolar bone but reports on the development of crown and root of teeth have been scarce so far 20, 24) . A study using on porcine or in mammals confined to the furcation area has not been made. The results of this study clearly showed that the cementoblasts at the furcation area expressed Msx2 and it is possible that the gene may have affected the morphogenesis of the furcation in anyway.
Msx2 inhibited the differentiation of osteoblasts and it has been demonstrated to encourage the proliferation of undifferentiated cells [19] [20] [21] . During loss of Msx2, some other homeobox genes increased in expression which affected Dlx5 and Runx2 inducing osteoblast and cementoblast differentiation responsible for a mechanism called progressive calcification of the furcation and periodontal tissues.
In the present study, enamel proteins such as amelogenin, enamelin, ameloblastin, Mmp-20 and Klk4 was uniformly expressed at the furcation area but only amelogenin and ameloblastin were detected around the root and this is probably due to the differences in maturity. Enamel proteins have been known to be secreted from Hertwig's epithelial root sheath involved in the formation of cementum 25) but disintegrated and disappeared in the progression of calcification. Therefore, it was thought that more cementum surrounding the root is in progress and hardness of the cementum at the furcation is an early event.
Further studies on the expression of homeobox genes and its functions may be considered in the future.
Conclusions
The present study aimed to elucidate the genes that may play important role in the process of formation of furcation and periodontal tissues. We searched using molecular biology technique in porcine tooth germ and came up with the following
Enamel proteins such as amelogenin, enamelin, ameloblastin, Mmp-20 and Klk4 were uniformly expressed at the furcation area but only amelogenin and ameloblastic were detected around the root area. Hence, it has been suggested that amelogenin and ameloblastin are particularly important in the formation and differentiation of periodontal tissues.
Msx2 gene was expressed by the cementoblasts at the furcation and its specific expression may have a role in the formation of furcation.
